Amino acid sequences of Nucleocapsid proteins are mostly conserved amongst different rhabdoviruses. The protein plays common functional role in different RNA viruses by enwrapping the viral genome RNA into an RNAase resistant form. Upon expression of nucleocapsid protein alone in COS cells and in bacteria it formed large insoluble aggregates. Here in this paper we have reported for the first time the full-length cloning of N gene of Chandipura Virus, its expression in E.coli in a soluble monomeric form and purification, using non-ionic detergents.
Introduction
The negative strand RNA viruses (rhabdovirus, influenza, rabies, measles and Ebola) consist of important human pathogens, which includes Chandipura virus (CHP) 1 , a member of rhabdoviridae family (1) . The structure, function and genetic make up of this negative sense RNA virus resemble that of the vesicular stomatitis virus (VSV). Still, it can be distinguished from other two members of rhabdofamily, VSV (New Jersey serotype) and VSV (Indiana serotype), not only in its host-species origin and serology (2) but also in nucleotide sequences of genes and amino acid sequences of proteins (3) . Upon infection by members of rhabdovirus family, five major viral proteins, N (nucleocapsid), P (phosphoprotein), L, M and G are synthesized. The N protein encapsidates genomic RNA in a precise structure that can be compared with histone mediated enwrapment of DNA molecule into nucleosome structure. Only this encapsidated form of the genome can be recognized by viral polymerase as its template during both transcription and replication (4). Nucleocapsid proteins not only protect viral genome from RNAase action but it is also thought to play some vital regulatory roles in transition form transcription to replication in the viral life-cycle, referred to as the transcription-replication switch. 5 found to interact with viral RNA polymerase directly modulating its activity (6) . In VSV it has been proposed that P in its phosphorylated multimeric state forms complex with the L protein to produce functional transcriptase whereas in its unphosphorylated state it complexes with L to form replicase. N has been suggested to be an integral member of replicase complex (7) . Multifunctional nature of N protein and its interaction with different targets makes this viral product an attractive model for a detailed structure-function analysis in CHP system, so that its precise role in different stages of viral life cycle can be elucidated.
One of the important aspects of function of N protein is maintenance of its active and soluble form. As mentioned before, in its free form the protein has a tendency to form aggregates in vitro and perhaps in vivo (8) . How the cellular environment maintains a soluble and active pool of the N protein is crucial to understanding the roles played by various cellular factors in the virus life cycle.
Clearly, P protein increases the solubility of N in vivo through formation of complexes. However, the structural nature of the N-protein in these complexes is not known. Thus, the possibility is raised that P may be interacting with disordered Nprotein in a chaperone-like fashion. Protein folding studies in vivo have elucidated the crucial roles of osmolytes (9) and chaperone systems in suppressing aggregation and shifting the distribution towards the folded state, thereby enhancing the activity and solubility of the proteins. A central point in this study is to understand the roles of P protein and intracellular osmolytes in maintaining and enhancing the solubility of N, thereby ensuring a steady supply for encapsidation of progeny viruses. 7 gene (3) . First strand cDNA synthesis was carried out with primer DJC1 and viral genomic RNA as template using Superscript II reverse transcriptase and PCR was done with Pfu Polymerase according to the instructions given by the manufacturer.
PCR product was run on a 1% agarose gel in 0.5 X TBE (Figure 1) .
Cloning of N gene in pUC18 vector
The PCR product purified from 1% agarose gel using Qiagen gel extraction resin, was blunt ended with Klenow Polymerase and cloned into Sma1 digested pUC 18 vector using T4 DNA ligase. Ligation mixture was transformed into E.coli strain XL1-Blue and positive clones were confirmed by restriction digestion followed by direct sequencing of the recombinant DNA ( Figure 1 ).
Subcloning of N gene in pET-3a vector
The full length N gene of CHP virus was digested out from pUC18-NC clone with Nde1 and BamH1 restriction enzymes and the released DNA fragment was subcloned into Nde1/BamH1 cut pET-3a vector under the control of T7 promoter.
The recombinant DNA was digested with different restriction enzymes for further confirmation ( Figure 1 ).
Expression of the N gene in E.coli
Competent E.coli BL21 (DE3) cells were transformed with pET3a-NC plasmid DNA and transformed cells were inoculated in 100 ml Luria broth supplemented with 20 mM glucose containing 100 mg/ml ampicilin and incubated at 37°C in shaking condition until O.D 600 .reaches 0.3. Cells were then induced with 500 µM IPTG for 4 hours at 37°C (10) . After harvesting, the cell pellet was suspended in 8 suspension was kept on ice for 1 hour. The cells were then sonicated to reduce the viscosity due to chromosomal DNA and lysate were clarified by spinning at 13,000 rpm for 30 minutes at 4°C. Soluble supernatant was separated from inclusion body pellet. The inclusion body pellet obtained after centrifugation was denatured and taken into 2 ml solution of 8M urea in buffer A. The soluble and urea fractions were analyzed in 10% SDS-PAGE followed by coomasie blue staining. Different parameters like IPTG concentration, temperature, duration of induction were varied to maximize expression of N protein in soluble form.
Purification of the bacterially expressed N protein
N protein expressed in soluble form was purified from bacterial lysate through FPLC Mono-Q anion exchange column. Column was pre equilibrated with buffer A containing 200 mM NaCl and proteins were eluted with a gradient of NaCl concentration from 200 mM to 700 mM in a total volume of 25 ml buffer A. Flow rate and fraction size was 0.25 ml/min and 1ml respectively. Fractions were analyzed in 10% discontinuous SDS-polyacrylamide gel (acrylamide: bis-acrylamide 30:0.8))
followed by coomasie blue staining to test the homogeneity of purified protein. The purified N protein was stored in buffer A containing 200 mM NaCl and 10%glycerol
at -20°C
Western blot analysis
Proteins were subjected to 10% SDS-PAGE and western blot was performed with mouse polyclonal anti-Chandipura antibody as primary antibody and goat antimouse IgG conjugated with alkaline phosphatase as secondary antibody. This was followed by color reaction with NBT and BCIP. 
Labeling of CHP-N protein with IAEDANS
The purified CHP-N protein of concentration 10 µM was reacted with 5 mM IAEDANS at 37°C for 2 hours. After the incubation, the protein was dialyzed against 50 mM Tris-HCl pH 8 containing 150 mM NaCl to remove the unreacted IAEDANS.
O.D. at 337 nm was measured to check incorporation of IAEDANS in the protein with the buffer of last dialysis being used for the baseline.
Circular Dichroism spectroscopy
Circular dichroism spectra were measured in a JASCO J-700 Where G is the grating factor that corrects for the wavelength dependent distortions of the polarizing system.
Fluorescence spectroscopy
Steady-state fluorescence spectra were recorded in Hitachi F 3010spectrofluorometer, with spectra addition and subtraction facility. The fluorescence experiments were carried out at 37°C, where the temperature was maintained by a circulating water bath attached to the spectrofluorometer. The excitation and emission band passes were maintained 5 nm and all readings were taken in a cuvette of 1 cm path length.
Static light scattering
Light scattering experiments were done to check the state of aggregation of the soluble CHP-N protein and to monitor the roles of osmolytes and CHP-P protein on this aggregation process. CHP-N protein at a high concentration was first treated 
Dynamic light scattering
Dynamic light scattering experiments were performed using DLS700 instrument (Otsuka electronics, Japan). For DLS experiments the concentration of CHP-N was kept at 1 mg/ml and the concentration of D-sorbitol was kept at 250 mM.
In the experiment the sample was illuminated with a 638. 
Results
In order to understand the conformation of the N-protein and its role in aggregation process, we felt the need to isolate soluble N-protein and not refolded one, which may differ in conformation. We observed that N protein, when overproduced in bacteria by inducing cells with 500 µM IPTG at 37°C for 4 hours, comprised more than 50% of the total cellular proteins. However, majority of the over expressed protein formed inclusion bodies posing a problem towards its purification (data not shown). We observed that BL21-DE3 cells induced at 0.3 O.D 600 with 100
µM IPTG for 14 hours at 16°C produced majority of the N protein in a soluble form.
To maximize the amount of N protein in a soluble form during purification we introduced 200 mM NaCl in buffer A and washed the inclusion pellet several times with the same buffer. We found the above protocol successfully produces more than 80% of the over-expressed protein in soluble form ( Figure 2A and 2B, lane 5).
Western blot was performed to further verify the above results ( Figure 2B ).
Biological Activity of Recombinant N protein
Major biological role of the nucleocapsid protein is to bind with viral genome and encapsidate it in an RNAase resistant form. We tested affinity of the recombinant protein towards viral leader RNA sequence that corresponds to the 5'end of the viral anti-genome with the help of gel electrophoretic mobility shift assays. In vitro transcribed leader RNA was incubated with increasing amounts of recombinant N protein and the complex was resolved on 6% native PAGE (materials and methods). Spectroscopic studies of the structure of N protein CD spectra have been widely used as a monitor of secondary structure. Figure   4 shows the far UV CD spectrum of the solublized N-protein after removal of Triton-X 100. An attempt was made to extract relative amounts of secondary structure present in the protein from the CD spectra. Although, the quality of fit was not excellent, it indicated large amount of random coil form present. From the work of Bolen and coworkers (9), it is clear that physiological concentration of osmolytes can drive the folding equilibrium towards the native state. In case the random coil conformations present in the soluble N-protein reflects partial denaturation, significant secondary structural alteration of the N protein is anticipated upon addition of an osmolyte. So, far UVCD spectra were measured in the presence of an osmolyte, D-sorbitol and secondary structure formation was monitored. Addition of D-sorbitol leads to some enhancement of CD spectrum and hence, secondary structure contents. Figure 5 (B) ). The standard error of these measurements was around 5% based on three independent measurements. Clearly, the soluble N-protein has a tendency to aggregate, which is reduced in the presence of non-ionic detergents, such as Triton-X100. Table III for different combination of P and N.
As evident from the above Aggregation of N protein in presence of P protein was monitored using dynamic light scattering. 100 µM of N was mixed with 100 µM of P protein and then Triton -X 100 from the protein mixture was removed using Bio-Beads and aggregation was monitored. As seen previously, in absence of P protein, N protein started to aggregate after removal of the detergent within 15 minutes and after about 100 scans (after 60 minutes) the Stokes radius reaches 8.8 nm. However, in the presence of P protein there was no such increase in the Stokes radius of the particles (data not shown).
Thus, P protein hindered the aggregation of N protein, which supported the static light scattering data
To see if CHP-P was a generalized chaperone or it was specific for N protein only, we measured whether CHP-P can prevent the DTT-induced aggregation of insulin. It was found that P (10µM) has no influence on the DTT induced aggregation of insulin (data not shown). These two findings suggest that chaperone-like activity of P may be specifically directed towards the N or related proteins. In a recent report, it has been suggested that osmolytes and chaperone may act in a synergistic manner to refold proteins (15) . We have thus attempted to determine whether P protein and Dsorbitol act in a synergistic manner. Table IV shows the results of suppression of N protein aggregation by D-sorbitol and P protein as measured by static light scattering.
Clearly, addition of P-protein to D-sorbitol further enhances aggregation suppression, over and above that achieved by the osmolyte alone. Thus, the presence of osmolyte D-sorbitol lowers the concentration requirement of P-protein for chaperone-like action.
If the P protein exerts chaperone like activity towards the N-protein specifically, it is possible that specific structural determination the N-protein is recognized and not a general hydrophobic interaction. This structural determinant must be formed in the partially folded intermediates that are prone to aggregation.
Thus, we have tried to detect specific N-P protein interaction. One of the best ways to study protein-protein interaction is through use of fluorescence. We have used IAEDANS labeled CHP-N as a probe and titrated it with increasing concentrations of unlabeled bacterially expressed recombinant P protein. Figure 6 
Discussion
In the present study, we first time report the full-length cloning of Chandipura virus N gene. To fulfill the requirement of large amount of N protein for a detailed structure function analysis it has been over-expressed both in prokaryotic and eukaryotic system previously. Expression of N alone in COS cells (16) Although in principle, osmolytes should favor native states and thus reduce aggregation, the process is complicated by the fact that aggregation also leads to removal of exposed surface area through protein-protein interaction. It is possible that osmolyte action on aggregation is more complex and requires detailed study. In this article, we have shown that osmolytes are capable of driving the N-protein towards a more structured state that is soluble and less prone to aggregation. Clearly, at least in this case osmolytes have a beneficial effect by disrupting the protein aggregation.
Although, we do not have any direct in vivo data about the role of osmolyte on viral life cycle, given the widespread occurrence of intracellular osmolytes, it is likely that tendency of aggregation of N-protein will at least be partially offset by intracellular osmolytes. 23 The role of P-protein in the viral life cycle is well established. In its phosphorylated form, the protein is a transcription activator. We have established another important role of P in the functioning of nucleocapsid protein, N. The recombinant P protein interacts with the protein N with dissociation constant in the low micromolar range. This affinity is crucial for interaction with N and prevents aggregation. The P protein has a highly negatively charged N-terminal domain that is a characteristic of many chaperones. It has been hypothesized that the negatively charged regions keep the protein complexes soluble preventing aggregation (20) A recent report has indicated that osmolyte and chaperones together can be used to refold proteins (in this case a mutant) which are otherwise difficult to refold.
Based on the experiments reported here, we suggest that cooperation of osmolyte and chaperone in refolding a protein may have a much wider occurrence in vivo and widely applicable in vitro tool for refolding of proteins. Error bars at two ends of spectra indicate uncertainties. 
Figure legends

